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STUDY OF THE EFFECT OF VARIOUS PICKLING AGENTS AND SURFACE
ALLOYING ON THE PHOTOCONDUCTIVITY OF CADMIUM
SULFIDE SINGLE CRYSTALS

V. M. Bondarenko, O. V. Snitko, L. G. Polishchuk
and A. G. Sinitsin

ABSTRACT. It has been established that the photosensiti-
vity of CdS crystal surfaces is not materially affected by the
type of pickling agent. Some success is anticipated in the
development of so-called polishing pickling substances designed
to produce a mirror-like surface on the crystal. The effect
of various admixtures in the CdS crystal surfaces on the spect-
ral distribution of their photoconductivity is outlined in
graphic form.

The chemical pickling agents used to detect dislocations in CdS single cry- ZMSB*
stals are described in refs. 1-5. However, there is no information on the polish-
ing substances for CdS required in connection with a number of physical investi-
gations. Information on the effect of pickling substances and their impurities
on the photosentivity of CdS crystals is unavailable also, but the powerful effect
of surface characteristics on the photosensitivity of CdS (ref. 6) makes these
problems quite urgent.

The purpose of this study was 1) to find polishing pickling substances for
CdS; 2) to study the effect of pickling agents on the photosentivity of CdS;
3) to study the effect of certain admixtures introduced into the surface layer
of CdS in the pickling process on the spectral distribution of the photoconduct-
ivity.

Fine unalloyed and mirror-surfaced CdS single crystals grown from a vapor
phase by the Frerichs method were investigated. A structural X-ray analysis
revealed that the (1120) plane was the pickling plane.

The CdS single crystals were pickled in a platinum cup, washed with a double
distillate, rinsed with alcohol and then dried at 60-TO°C. Sone of the crystals
were degreased in CClu before pickling. "CP" (chemically pure) agents were used

to prepare the pickling substances. The surface quality of the specimens was
checked after the pickling under an MIM-7 microscope. The Au, Cu and Sb ad-
mixtures were included in the CdS surface from the pickling substances which
contained the salts of these metals in various concentrations. The photosen-
sitivity of the CdS single crystals was investigated in a device similar to the
one described in reference 7. The possiblity was provided in it for measuring
the proper lifetime T and the phenomenological quantum yield Gf by the method
indicated in reference 8.
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A total of almost 25 pickling agents was studied. The chemical compo-
sition and pickling conditions of the 12 best studied substances are listed in
the table which also indicates the quality of the surface after the pickling.
The pickling agents 1-5, described in literature, produce a dull surface, and
agents 6, T, 9 and 12 a polished surface.

Pickler Composition of Pickling Pickling Surface

No. Pickler Time temp. °C appearance
after pick- Refs.
ling

1 6M HC1 1 min 25 dull 6
2 1HC1+1HNOs+1H50 20 sec 25 dull 1
3 0.5M KoCro0-X15N HoS04 20 sec 95 dull 1
4 6 CHzCOOH+6HNOs+1Hs0 20 sec 25 dull 3
5 1 HC1+3 thiourea(io0g/?)li 20 sec 60 dull 5
6 HPOs ! 10 sec boiling polished
7 KJ+CglHgO7H20 solution |15 sec-2 min 90 polished
8 KJ+C4Hg0s ‘ 5 min 160-170 dull
9 KBr+CgHgO7 5 min 160-170 polished
10 KJ+CgHgO7Ho0 smelting 3 min 150-160 polished
11 benzene 1 min boiling polished
12 itoluene 1 min boiling polished

It has been established that most of the pickling substances do not materia-
11y change the photosensitivity of CdS crystal in white light. And the change
of photosensitivity that was observed in some cases disappeared in time (several
days). For example, the use of pickling agents 7 and 10 resulted, as a rule, in
an increasedphotosensitivity (up to 50 percent). But this increase was not ob-
served two weeks later--if the crystal was kept in the air.

It is possible that the CdS surface characteristics are brought about
primarily by the effect of the stable layer of adsorbed molecules on the crystal
surface. A certain length of time is required in this connection to remove the
volatile components of the pickling substance which remain on the surface des-
pite the thorough washing. From this point of view the insignificant role of
the chemical composition of the pickler and the lack of change in the photo-
sensitivity after the pickling become understandable.

Some effect of the pickling on the spectral characteristics of the photo-
current was noted. Thus the use of the widespread pickler 1 reveals a decreasing
photosensitivity in the shortwave region of the spectrum, and the employment of
pickler 2 reduces the photosensitivity in the shortwave region, and of its maxi-
mum level, and there is some increase of sensitivity in the longwave region
which is  explained by the effect of the pickling on the effectiveness of the
surface recombination centers.
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Figure 1. The spectral Figure 2. The spectral relationship
dependence of the photo- of photoconductivity I phenomenological
conductivity of a CdS quantum yield Gf and proper lifetime
crystal on a surface al-
loyed with Au: 1,2-I¢(x); 3,M-Gf(x); 5,6-1(\);

1- before pickling, 2-
after pickling in 6M HCI,
5-after alloying with Au.

1,3, 5-CdS; 2,4, 6-CdS with Cu-alloyed
surface.

It is obvious that the polishing picklers 7.9 — 12 which can be used to
produce a mirror-like surface hold out some promise in the field of physical
investigations. Metallic admixtures were added to the surface from picklers
1, 2 and 4. The spectral distribution of the photoconductivity of the CAS cry-
stal is shown in figure 1. It appears from figure 1 that the photosenstivity in
the shortwave region of the spectrum declines as a result of alloying Au with
the surface, which may be due to the appearance of new recombination centers. An
increase of photosentivity (two- and threefold) was noted in the highest photo-
current region in most cases. Measurements of the phenomenological guantum
yields revealed that it also increases in this region of the spectrum, and the
photosensitivity change in the maximum region is always accompanied by a similar
change of the quantum yield.

In some cases the alloying of the CdS surface with Sb resulted in a slight-
ly higher photosensitivity in this region of the spectrum.

The introduction of a Cu admixture (fig. 2), Just like Au, 1s conducive
to a lower photosensitivity in the shortwave region but, unlike Au, the sensi-
tivity in the maximum photocurrent region is reduced. It was found that in
this case the phenomenological yleld of photocurrent is also considerably re-
duced even though the proper lifetime is slightly increased.
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If the declining photosensitivity in the shortwave region of the spectrum
can be assoclated with the new combination centers and the strengthening of the
recombination s-channel (ref. 8) produced by the alloying operation, the change
of the photosensitivity in the maximum photocurrent region is possibly associated
with the changing curvature of the surface zones and the rapidity of the re-
combination processes (for example, in the r-channel (ref. 8))in the spatial
charge layer.

In conclusion, we consider it our duty to express our sincere gratitude
to V. A. Tyagay, candidate of chemical sciences, M. K. Sheynkman, candidate of
physico-mathematical sciences, and G. I. Golynniy for their participation and
discussion of the results.
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